A major obstacle to the promotion of rainwater harvesting is chemical and microbiological concerns.
INTRODUCTION
Many studies report that rooftop runoff is a potential nonpoint source of pollution (Chang et al. ; Zhu et al. ) . A first flush runoff is characterized as containing high concentration of pollutants at the beginning of precipitation events (Lye ) . Metal ions from leaching roof materials, inorganic materials from airborne pollutants and organic substances from bird waste are potential nonpoint sources for rainwater harvesting (RWH) (Zobrist et al. ) . Simmons et al. () reports that the level of heavy metals exceeded a New Zealand drinking water guideline in the 125 domestic rooftop rainwater systems within rural area, i.e., 14% for lead, 2% for copper, and 1.0% for zinc.
In Australia, heavy metal concentrations exceed the World Health Organization (WHO) drinking water standards. In general, the rooftop runoff quality depends on roof cover and guttering materials (Gromaire et al. ) .
The Zn concentration in rooftop runoff is nine times the maximum allowable value for wastewater in Germany (Quek & Forster ) .
The runoff quality is dependent on the roof materials (Chang et The main objectives of this study are (1) to analyze microbiological and chemical parameters of rainwater, rooftop runoff and stored rainwater according to elapsed time, (2) to provide principal influence factors for acceptable quantity and quality through statistical analysis and (3) to recommend a guideline for feasible design
MATERIALS AND METHODS

Description of the site
An auditorium was selected for collecting samples (Figure 1 ).
The location of the auditorium was determined by the global positioning system as 37 47 0 59.8″N, 128 51 0 28.9″E. The area of the galvanized catchment is 22.5 m 2 . The galvanized catchment is steeply tilted to drain rainfall runoff. The rooftop rainfall runoff flows into a portable 200 L polyvinyl chloride storage tank via aluminum gutters and a downpipe.
Sample collection
Samples were collected from 40 events in 2009 for statistical analysis and Table 1 shows typical results for four rainfall events, i.e. June 18, July 13, August 12 and September 20, 2009. Three parts of the auditorium were selected for sampling. Rainwater was sampled on several sterilized glass plates for analysis of the initial chemical and microbiological characteristics before runoff. Runoff was sampled from the aluminum gutter connecting the catchment to the downpipe. Stored rainwater was sampled from the polyvinyl chloride storage tank. Samples were collected directly in individual sterile 1 L bottles for microbiological analysis and polyethylene bottles for chemical analysis.
Sample analysis
The chemical analyses were conducted according to standard methods (APHA ). Major metal ions (i.e. Al, Zn, Fe, Cu, Cr and Pb) were analyzed using an inductively coupled plasma optical emission spectrophotometer (Varian 730-ES). and E. coli counts, ISO 9308-1 was also followed. The heterotrophic plate count (HPC) was conducted according to standard methods (APHA ).
Statistical analysis
Correlation analysis was performed to determine the possible relationship among the antecedent number of dry days, rainfall, microbiological parameters and chemical parameters. In addition, principal component analysis was employed using SPSS V.12.0K software to reduce the number of variables.
RESULTS AND DISCUSSIONS
Turbidity variation of rooftop-runoff Figure 2 shows the turbidity variation in rooftop runoff and indicates that there is first a flush effect within 5 min in all events. In particular, 5 min after initial precipitation, the highest turbidity is detected and ranges from 240 to 570 NTU in all events. The turbidity is greatest for the event on September 20 (570 NTU). Therefore, turbidity has a strong relationship with the number of dry days before the rainfall event. For the event on August 12, the turbidity is less than 100 NTU within the initial 10 min of precipitation. This shows a strong relationship between the turbidity and rainfall intensity, because intense rainfall rapidly washes deposited dust from the catchment.
Microbiological analysis of rainwater, first flush runoff (at 5 min) and collected rainwater Figure 3 shows that microbial counts in rainwater at the study location were beyond the detection limits of the laboratory equipment used and therefore, microbiologically, its quality can be considered high. In the first flush of rainfall runoff at 5 min, significant TC, EC and HPC are recorded in all events both in the catchment gutter and the storage tank ( Figure 3) . The reason is that TC, EC and HPC represent the contamination of the catchment area by human-animal activities, dry deposition and residue from roof materials.
However, the quality of rainfall runoff after 10 min is good, even though first flush rainfall runoff at 5 min is contaminated. In addition, Figure 3 shows that TC, EC and HPC are higher in the first flush rainfall runoff than in rainwater and rainfall runoff in the storage tank. The reason is that the first flush carries microbial material from the roof catchment.
Metal ion analysis of rainwater, first flush runoff (at 5 min) and collected rainwater
The concentrations of metal ions in each event are presented in Figure 4 (a-d) . The concentrations of elements (i.e. Al, Cu, Mn, Zn, Pb, Cr, As and Cd) are found to be less than those of the Korea drinking water standard, although Al and Pb exceed the drinking water standard in the first flush runoff at 5 min in all events. The reason is that dust mainly comprises Al and Si, and the gutter and downpipes are made of aluminum. The Al concentration (380 μg/L) is most notable for the rainfall event on September 20 (Figure 4(d) ) comparing to 285 μg/L for June 18 (Figure 4(a) ), 300 μg/L for July 13 (Figure 4(b) ) and 224 μg/L for August 12 (Figure 4(c) ), which had the longest antecedent dry period. Surprisingly, a high concentration of Zn was not recorded. Hence, the origin of Pb is emissions released by traffic debris.
Relationship among climatic, microbiological and chemical parameters
The relationship among climatic, microbiological and chemical parameters is determined by principal component analysis and correlation analysis. Table 2 shows the results of correlation analyses in 40 events in 2009 for two sample types: the first flush at 5 min (a) and collected rainwater in the storage tank (b). The number of antecedent dry days (ADD) is strongly related to turbidity (Γ ¼ À0.90) and the concentrations of metal ions (Γ ¼ À0.64 for Al and Γ ¼ À1.0 for Cu) in first flush runoff at 5 min. However, microbiological parameters (Γ ¼ À0.22 for TC, Γ ¼ 0.14 for EC, and Γ ¼ À0.18 for HPC) do not seem to be related to ADD in the first flush runoff at 5 min. In addition, it seems that ADD is not related to the collected rainwater quality in Table 1 .
In particular, the results show that microbiological parameters depend on the manual cleaning of the catchment and storage tank. For the first flush runoff at 5 min ( 
